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(57) Abstract 



A method of producing aluminum can sheet having high strength 
and low earing characteristics comprises providing an aluminum alloy 
ingot (50) and then hot rolling the ingot (50) in a single-stand hot 
reversing mill (52) to produce a first intermediate gauge sheet (54). The 
first intemnediate gauge sheet (54) is then cold rolled (59) to produce a 
second intermediate gauge sheet (59a). This second intermediate gauge 
sheet (59a) is passed through a heat source (62) as a single web so 
that the second intennediate gauge sheet (59a) is continuously annealed. 
After heating, the second intermediate gauge sheet (59a) is quenched 
and coiled again. Finally, the coiled second intennediate gauge sheet 
(70) is cold rolled (59) again to produce the final gauge aluminum can 
sheet (81) having high strength and low caring characteristics. These 
process steps are depicted in Fig. 2A, Fig. 2C. Fig. 2D. and Fig. 2E. 
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METHOD OF PROPn ciNQ ALUMINUM CAN SHEET HAVTMG 
HIGH STRENGTH A ND LOW EARING CHARACTERISTICS 

This invention relates to a method of 
producing alxaininiim can sheet having high 
strength and low earing characteristics and more 
specifically to hot rolling aluminxim can sheet 
ingot in a single- stand reversing hot finish 
mill and siabsequently cold rolling using an 
intermediate gauge continuous anneal before cold 
rolling the sheet again to its final thickness. 

In the formation of aluminum can sheet 
into cup- shaped articles, a characteristic known 
as "earing" manifests itself as a scalloped 
appearance aroxind the top edge of the formed 
15 cup. The scallops, or ears as they are more 

commonly known, are formed during the deep 
drawing step in the fabrication of the cup and 
represent an undesirable feature of the article. 
In can body stock the cup is subsequently ironed 
in multiple rings which accentuates the 
scalloped ears. High earing, therefore, can 
create transport problems with the cup as well 
as insufficient trim after ironing, clipped 
ears, and trimmer jams all of which are 
2 5 unacceptable in can manufacturing. Thus, it is 

desired to minimize earing in aluminxim can sh t 
in order to avoid these costs and to increase 
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the quality of th© cup. See United States 
Patent No. 3,318,738, the disclosure of which is 
inco3rpor©ted herein by reference. 

It is also desirable to provide high 
5 strength in alumintasn can sheet. Strength is 

measured by evaluating the yield strength after 
si&bjecting tensile specimens to an air 
temperature of 204«C. (400**F.) for 20 minutes. 
This process simulates the lacquer curing 
10 process of the formed and coated can and is 

therefore used as an indication of the finished 
can strength. As is ^fell kno^, the yield 
strength measurement is obtained from a tension 
test in which a specimen is sxibjected to 
15 increasing axial load xantil it fractures. The 

yield strength is defined as the stress which 
^ill produce a small amoxint of permanent 
deformation . 

Heretofore, in order to obtain 
2 0 acceptable low earing and high strength 

characteristics, a multiple- stand hot continuous 
mill was usually employed. As can be seen in 
Figure 1, this involves providing one or more 
hot reversing or breakdown mills 10 which roll 
2 5 the 12 inch - 24 inch thick incoming ingot 12 to 

an intermediate gauge slab 14, The intermediate 
gauge slab 14 is then introduced into a series 
of 3-6 (three are shown in Figure 1) hot rolling 
stands 16, collectively referred to as a ™hot 
30 continuous mill", to reduce the intermediate 

gauge slab 14 to an approximately .1 inch thick 
final hot rolled sheet 17. The final thickness 
hot rolled sheet 17 is then coiled on a coil 18. 
The coil 18 can then optionally be batch 
35 annealed at 315^C. to 426*>C. (600-800^F.) for 1- 

6 hours in a furnace 20. After this the she t 
17 is unwound from coil 18 and cold rolled in a 



cold rolling mill 22 to produce th final 
thickness sheet 24 (0.0100-0.0130 inches thick) 
which is subsequently woxind onto coil 26 . 

The hot continuous mill, while 
effective in producing low earing and high 
strength characteristics in the aluminum can 
sheet, represents a major capital expenditure. 
In addition, this process requires extensive 
coordination of the individual roll stands 
within the continuous mill for successful 
fabrication. Thus, it would be desirable to 
eliminate the hot continuous mill in order to 
substantially reduce the capital expense for 
producing alximinum can sheet, but only if 
aluminum can sheet can be produced which has low 
earing and high strength characteristics. 

However, until the invention described 
herein, attempts to produce aluminxim can sheet 
by eliminating the hot continuous mill have not 
been successful in producing alumJ.num can sheet 
having commercially acceptable low earing and 
high strength characteristics. These known 
processes in which the hot continuous mill has 
been eliminated produce aluminum can sheet 
having either unacceptably high earing or 
\macceptahly low post-bake yield strength or 
both. 

Thus, there is a need for an improved 
method of producing aluminxim can sheet in a 
single- stand hot reversing mill that has low 
earing and high strength characteristics. 

The method of the invention has met 
the above-described need. The method of 
producing aluminum can sheet having high 
strength and low earing characteristics 
comprises providing an aluminxim alloy ingot and 
then hot rolling the ingot in a single- stand hot 



reversing mill to produce a first intermediate 
gauge sheet. The first intermediate gauge sheet 
is then cold rolled to produce a second 
intermediate gauge sheet. This second 
intermediate gauge sheet is passed through 
heating means so that the second intermediate 
gauge sheet is continuously annealed. After 
heating, the second intermediate gauge sheet is 
quenched and coiled again. Finally, the coiled 
second intermediate gauge sheet is cold rolled 
again to produce the final gauge aliiminum can 
sheet having high strength and low earing 
characteristics . 

A full understanding of the invention 
can be gained from the following description of 
the preferred embodiment when read in 
conjunction with the accompanying drawings in 
which: 

Figure 1 A-D is a schematic drawing of 
the prior art method of using a hot continuous 
mill. 

Figure 2 A- £ is a schematic drawing 
showing an embodiment of the invention wherein a 
single-stand hot mill is utilized. 

Referring now particularly to Figure 2 
A-E, a schematic drawing illustrating an 
embodiment of the invention is shown. An ingot 
50 is shown which is ready to be hot rolled. 
The ingot 50 is an aluminum alloy which is 
suitable for use as can sheet such as 3004 or 
3104 alloy containing about 0.10 to 0.30% Si, 
about 0.20 to 0.50% Fe, about 0.10 to 0.25% Cu, 
about 0.8 to 1.5% Mn and about 0.8 to 1.5% Mg, 
the balance being aluminum and incidental 
elements and isQ)urities. 

The ingot 50 is pre treated in a known 
way by machining or scalping the surfaces 



thereof to remove a portion of the metal 
thickness from each surface. This will remove 
surface defects from the ingot 50 which are 
created during the casting process. Following 
scalping, the ingot 50 is heated in a furnace 
and held at this raised temperature for a period 
of time. The ingot 50 is then cooled, while in 
the furnace, at a controlled rate for a certain 
period of time and then is cooled to a hot 
rolling temperature • 

The pretreated ingot 50 is now ready- 
to be hot rolled in the single- stand reversible 
hot rolling mill 52. The pretreated ingot 50 
has a thickness of about 26.5 to 6 0.0 cm (10.4 
to 23.6 inches), with 51 cm (20 inches) being 
preferred. The ingot 50 is successively hot 
rolled on the single- stand hot rolling mill 52 
to a thickness of about 0.18 to 0.64 cm (0.070 
to 0.250 inches), with 0.30 cm (0.120 inches) 
being preferred to produce a first intermediate 
gauge sheet 54. The first intermediate gauge 
sheet 54 exits the single stand hot rolling mill 
52 at a temperature of aJ30ut 249 to 405*C. (480 
to 760*P.), with 350*C. (662«F.) being 
preferred. The first intermediate gauge sheet 
54 is wound onto a coil 56. After this, the 
exit temperature of the first intermediate gauge 
sheet 54 is determined. If the exit temperature 
of the first intermediate gauge sheet 54 is 
lower than about 343*»C. (650*F.), the coil 56 is 
annealed in a box type furnace 58 at about 329'' 
to 399«C. (625 to 750*'F.) with 360^C. (680**F.) 
being preferred and held at that temperature for 
about 1-12 hours, with about 2 hours b ing 
pr ferred and then allow d to cool to room 
temperature. If the exit temperature is higher 
than about 343*'C. (650*F.), the coil 56 will 



" self anneal due the latent hoat of hot 
rolling and thus the annealing step set forth 
fiibove is not necessary. 

After annealing, first intermediate 
gauge sheet 54 is then cold rolled in cold soill 
59 to produce a cold rolled second intermediate 
gauge sheet 5Sa having a thickness of about 0.05 
to 0.127 cm (0.020 to 0.050 inches). This cold 
rolled second intermediate gauge sheet 59a is 
then woxxnd on a coil 59b. The coil 59b 
containing the cold rolled second intermediate 
gauge sheet 59a is then moved to a continuous 
anneal line 60. 

At the continuous anneal line 60, the 
cold rolled second intermediate gauge sheet 59a 
is tincoiled from coil 59b and passes through an 
elongated heating means 62. The heating means 
62 has an entrance end 62a into which the sheet 
59a is introduced and an escit end 62b out of 
which the sheet 59a emerges after being 
continuously annealled. As the sheet 59a is 
passed continuously through the heating means 62 
as a single web, the heat -up rate of the sheet 
59a is greatly increased over that of batch 
anneal ling. 

The heating mesins 62 is maintained at 
a temperature of about 427 to 566**C. (800 to 
1050*F.), with 524»C. (975'*F.) being preferred. 
The heat treatment can take place in as little 
as 45 seconds, or less, for escasc^le 3 0 to 60 
seconds, with times of about 2 to 180 seconds at 
the heat treating temperature being suitable. 
The heating means 62 can be an electrical 
induction furnace or forced air convection 
furnace. The exit teat^erature of the sheet 59a 
is about 524'C. (975*F.). 

After eseiting the heating means 62 at 



exit end 62b, the cold roll d second 
Intermediate gauge sheet 59a is sprayed by a 
coolant, such as water 66, from water jets 68 
supplied by a water source (not shown) . It will 
be appreciated that the coolant can also be air 
from air jets supplied from a pressurized air 
source. The coolant acts to rapidly quench the 
cold rolled second intermediate gauge sheet 59a. 
This will enhance the strain hardening rate 
(strengthening) of the cold rolled second 
intermediate gauge sheet 59a during the 
sxibsequent cold rolling by minimizing the 
precipitation of solute (Cu, Mg, Mn atoms) in 
the sheet which would otherwise have occurred 
during slow cooling. The quenched cold rolled 
second intermediate sheet 7 0 is then wound on a 
coil 72. It is preferred that the quench rate 
is at least 10**C./sec (18**F./sec) from heat 
treatment temperature to a temperature of 10 to 
121*>C. (50 to 250**F.) with 32*C. (90*F.) being 
preferred for the quenched cold rolled second 
intermediate sheet 7 0 after quenching. 

The coil 72 of quenched cold rolled 
second intermediate sheet 70 is then cold rolled 
through cold mill 59 to the final thicJcness of 
sUDOUt 0.0254 to 0.033 cm (0.010 to 0.013 
inches), and the final gauge sheet 81 is wovmd 
onto a coil 82 . 

EXAMPLE 

As an exan^le of the application of 
the present invention, an al\iminum melt was 
adjusted to have the concentration of elements 
listed in Table 1. 

Table 1 

Si Fe Cu Mn Mg 

0.17 0.39 0.19 1.11 1.5 

The resulting alloy composition was cast by the 
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direct chill method into 4 ingots of dimensions 
50 cm X 147 cm x 518 cm (19.7 in- x 58 in. x 204 
in.) 

Th® brosid surfaces of all four ingots 
5 w©r© scalped to remove about 1.5 cm (0.6 inch) 

casting roughness from each surface. Following 
machining the ingots were heated in a furnace to 
a temperature of about 593^C. (IIOO^F.), holding 
at this temperature for 4 hours, then cooling 
10 the ingots at a controlled rate of 6*C./hour 

(ll^'F. /hour) to a temperature of about 510*C. 
(950**F.), then removed from the furnace and 
allovyed to air cool. The broad surfaces were 
again machined to remove about .71 cm (0.28 
15 inch) of thickness per side. 

Prior to hot rolling, the ingots were 
placed in one furnace and reheated to a 
temperature of 510*C, OSO'^F.) and allowed to 
equilibrate at this temperature for about a two 
20 hour period. The ingots were then successively 

hot rolled on a single- stand reversing mill to 
produce a first intermediate gauge thickness 
sheet having a thickness of . 3 cm (0.120 inch) 
and exited the rolling mill at tea:?>eratures from 
25 about 338*'C. to 349*^0. (640*F. to 660*»F.). The 

first intermediate gauge thickness sheet was 
then wound onto coils. The coils were next 
annealed in a box- type furnace at about 360*^0. 
(680**F.) for a minimum of four hours and allowed 
3 0 to cool to room temperature. 

Following annealing was a cold rolling 
step which reduced the metal thickness to about 
0.0762 cm (0.030 inch). The cold rolled sheet 
was then wound onto coils. At this point two of 
3 5 th four coils were sxibject d to a steindard 

batch anneal by placing them in a box- type 
furnace and heating to about 360«C. (680»F.) for 
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a minlsixun of four hours, followed by ambient air 
cooling to room temperature. The other two 
coils were annealed on a continuous anneal line 
which was accomplished by imwinding the coil and 
5 passing the strip through a heating means, such 

as heating means 62, which was maintained at a 
temperature of about 524®C. (975®F.), water 
spray quenching the strip at the end of the box, 
and rewinding. All four coils were further cold 
10 rolled to about 0.0325 cm (0.0128 inch) 

thic)mess • 

Testing of resulting strip 
demonstrated the strength and earing values 
listed in Table 2 . Strength was measured in the 

15 post-ba]ced condition to more closely simulate 

the formed can strength. The post -baked samples 
were exposed to a 204®C. (400®F.) air furnace 
for 20 minutes prior to testing. Yield strength 
was determined using a common tension test 

2 0 wherein the specimen was subjected to a 

continually increasing force while simultaneous 
observations were made of the elongation. The 
yield strength was defined as the load necessary 
to induce a 0.2% length increase of the specimen 

2 5 divided by the cross -sectional area of the 

specimen. It is measured in dimensions of Mega 
Pascals (MPa) . The English equivalent is 
thousands of psi (poxinds per square inch) or 
ksi. Earing values were determined by the 

3 0 common method of drawing a cup 40%. This means 

that the pxinch diameter was 40% smaller than the 
sheet circle diameter. The earing value is 
expressed as the percent difference between the 
lowest and highest heights of th drawn cup 
3 5 sidewall. 
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As can be seen, the continuously 
annealed sheet exhibited greater average post 
bake yield strength and lower 45** earing than 
the batch annealed sheet* These results meet or 
exceed current product requirements whereas the 
batch annealed material is both too low In yield 
strength and too high in earing to be 
commercially acceptable . 

While the invention has been described 
in terms of preferred embodiments, the claims 
appended hereto are intended to encompass all 
embodiments which fall within the spirit of the 
invention. 
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CLAIMS 

1. A method of producing ©luminiim can 

Bh®©t having high strength and low ©aring 
charactoristic®, ©aid method coxapriising s 

providing an al\22nin\am alloy ingot; 

hot rolling said ingot, ©aid hot 
rolling step consisting of hot rolling in a 
single- stand hot reversing mill to produce a 
first intermediate gauge sheet; 

cold rolling said first intermediate 
gauge sheet to produce a second intermediate 
gauge sheet; 

passing said second intermediate gauge 
sheet through heating means to continuously 
amneal said second intermediate gauge sheet; 

cooling said second intermediate gauge 

sheet; and 

cold rolling said second intermediate 
gauge sheet to produce said alxminum can sheet 
having high strength and low earing 
characteristics . 

2. The method of claim 1, wherein 

said aluminum alloy ingot consists 
essentially of about 0.10 to 0.30% Si, about 
0,20 to 0.50% Fe, about 0.10 to 0.25% Cu, about 
0.8 to 1.5% Hn, and about 0.8 to 1.5% Mg, the 
balance being aluminxam and incidental elements 
and impurities « 

3^ The method of claim 1, wherein 

said aluminim alloy ingot is composed 
of 3004 aluminum alloy. 

4. The method of claim 1, wherein 

said ingot has a thickness of at least 
26.5 cm (10.4 inches). 

5, The method of claim 4, wherein 

said ingot has a thickness of between 
about 26.5 cm and 60.0 cm (10.4 to 23.6 inches). 



- 13 - 

6- Th m thod of claim 1, including 

after hot rolling, winding said first 
intermediate gauge sheet on a coil. 
7. The method of claim 6, including if 

said first intermediate gauge sheet has a 
ten^erature of less than 343**C, {650<»F.), 
heating said coil in a furnace to a temperature 
of about 329 to 399**C. (625 to 750**F.). 
8- The method of claim 7, including 

removing said coil from said furnace 
and allowing said coil to air cool to about room 
temperature . 

9. The method of claim 8, including 

winding said second intermediate gauge 
sheet onto a coil. 

10* The method of claim 6, including 

unwinding said second intermediate 

gauge sheet from said coil; and 

passing said second intermediate gauge 

sheet as a single web through a heating means. 

11. The method of claim 10, including 
said heating means having an entrance 

end and an exi t end ; 

introducing said second intermediate 
gauge sheet into said entrance end; and 

passing said second intermediate gauge 
sheet out of said exit end* 

12. The method of claim 11, including 
maintaining the temperature in said 

heating means at about 427 to 566 *»C. (800 to 
1050«F. ) . 

13. The method of claim 11, including 
cooling said second intermediate gauge 

sheet by quenching. 

14. The m thod of claim 13, including 
quenching said s cond interm diat 

gaug she t by spraying water on said sheet as 
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it p&0®QS out of said @xit ond. 

15. Th® a©thod of claim 1, whoroin 

said alxamiatasa can shQ©t has a post 
bak© yiQld strQngth of about 40.9 k©i» 
5 16. Th® sa©thod of claisi 1/ therein 

said alxaminusft can sh©©t has 45** ©aring 
of about 2.86%. 

17 , Th© aluminum can sh®©t produc©d by the 

method of claim 1. 
10 18. A method of producing aluminxim can 

sheet having high strength and low earing 
characteristics, said method comprising s 

providing an alxaminum alloy ingot; 
hot rolling said ingot, said hot 
15 rolling step consisting of hot rolling in a 

single -stand hot reversing mill to produce a 
first int®rm©diat© gauge sheet; 

cold rolling said first intermediate 
gauge sheet to produce a second intermediate 

2 0 gauge sheet; 

continuously anneal ling said second 
intermediate gauge sheet at a temperature of at 
least 427°C. (800*^.); 

cooling said second intermediate gauge 

2 5 sheet; and 

cold rolling said second intermediate 
gauge sheet to produce said aliaminum can sheet 
having high strength and lo^ earing 
characteristics . 
30 19. The method of claim 18, wherein 

said aliiminum alloy ingot consists 
essentially of about 0.10 to 0.3 0% Si, about 
0.20 to 0.50% Fe, about 0.10 to 0.25% Cu, about 
0.8 to 1.5% Mn, and sibout 0.8 to 1.5% Mg, th® 

3 5 balance being aliiminum and incidental elements 

and impurities. 

20. Th® method of claim 18, wherein 



said aluminxim alloy ingot is coaoposed 
of 3 004 alxuninum alloy. 

21. The method of claim 18, wherein 

said ingot has a thickness of at least 
26.5 cm (10*4 inches). 

22. The method of claim 21, wherein 

said ingot has a thickness of between 
about 26.5 cm and 60.0 cm (10.4 to 23.6 inches)* 

23. The method of claim 18, wherein 
cooling said second intermediate gauge 

sheet by quenching. 

24. The method of claim 23, including 
quenching said second intermediate 

gauge sheet by spraying water on said sheet as 
it passes out of said exit end. 

25. The method of claim 18, including 
continuously annealling said second 

intermediate gauge sheet at said continuous 
annealling temperature for at least 2 seconds. 

26. The method of claim 25, including 
cooling said second intermediate gauge 

sheet from said continuously annealling 
temperature to a temperature of about 10 to 
121^C. (50 to 250''F. ) • 

27. The method of claim 26, including 
cooling said second intermediate gauge 

sheet at a rate of at least about lO^'C./sec 
(18*»F./sec) . 

28. A method of producing aluminum can 
sheet having high strength and low earing 
characteristics, said method comprising: 

providing an alximinum alloy ingot; 

heating said ingot to a preheat 
temperature ; 

allowing said ingot to cool from said 
preheat temperature to room temperature; 

heating said ingot to a hot rolling 
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t<amp®r&tur@ ; 

hot rolling said ingot, said hot 
rolling ®t©p consisting of hot rolling in a 
single- stand hot roversing mill to produce a 
5 first intermediate gauge sheQt; 

coiling said first intermediate gauge 
sheet on a first coil; 

cold rolling said first intermediate 
gauge sheet to produce a second intermediate 
10 gauge sheet; 

coiling said second intermediate gauge 
sheet on a second coil; 

uncoiling said second intermediate 
gauge sheet from said second coil; 
15 annealling said uncoiled second 

intermediate gauge sheet; 

cooling said uncoiled second 
intermediate gauge sheet; 

coiling said cooled second 
2 0 intermediate gauge sheet; and 

cold rolling said second intermediate 
gauge sheet to produce said al\min\am can sheet 
having high strength and low earing 
characteristics . 
2 5 29. The alxaminxm can sheet produced by the 

method of claim 28* 
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